The long-term outcome of patients diagnosed with drug-induced psychotic disorders in China is unknown.
Introduction
The clinical symptoms of patients given the diagnosis of 'psychoactive substance-induced psychotic disorder' are mainly positive psychotic symptoms such as hallucinations and delusions. [1, 2] Studies from outside of China find that many individuals diagnosed with the diagnosis develop residual psychotic symptoms [3, 4] that impair their social and occupational functioning. But the pattern of illegal substance use in China is quite different from that in high-income countries [5] so the prognosis of this diagnosis may also be different. There are, however, no studies in China that assess long-term outcomes of patients with this diagnosis. The current study aims to identify the long-term outcomes of individuals in China who required psychiatric hospitalization to manage psychotic symptoms that were induced by the use of illicit drugs.
Methods

Identification of participants
The identification and follow-up of patients is shown in Figure 1 . Patients discharged from the Shenzhen Kangning Hospital between January 2003 and December 2010 with a discharge diagnosis of 'psychiatric disorder induced by a psychoactive substance' (based on the Chinese Classification and Diagnostic Criteria of Mental Disorders, CCMD-3 [6] ), who had psychotic symptoms at the time of admission that were induced by illicit drug use in the month prior to admission, who did not have a co-morbid diagnosis of schizophrenia or a serious physical illness, and who had no prior psychiatric hospitalizations were followed up 13 to 108 months after the index admission (median follow-up time was 49 months; the 25%-75% interquartile range was 34 to Figure 1 . Flowchart of the study 83 months). Among the 258 discharged patients who met the inclusion criteria, 189 (73.3%) were located and agreed to participate in the follow-up survey. Either the patient or the patient's legal guardian signed an informed consent to participate. The study was approved by the Ethics Committee of the Shenzhen Kangning Hospital.
Assessments
The two-part follow-up survey was conducted between January and March 2012. The initial interview collected information about the patients' demographic characteristics, drug history (age of onset, duration of use, type of drug used, etc.) and psychiatric history. 111 of the 189 subjects reported this information in face-to-face interviews and 78 subjects provided the information over the phone. There were no differences in gender or age between subjects who participated in the two types of interviews. A subsequent face-to-face evaluation of all subjects by one of the two participating research psychiatrists involved administration of 14 items from the Positive and Negative Syndrome Scale (PANSS) [7] -the 7 items about positive symptoms and the 7 items about negative symptoms-to assess the presence and severity of positive and negative psychotic symptoms at the time of the follow-up and (retrospectively) at the time of the index admission, at one month after the index admission, and at six months after the index admission. Each of the items is rated on a 7-point Likert scale with higher scores representing more severe pathology. The two participating psychiatrists had good inter-rater reliability for the 14 PANSS items assessed: When simultaneously assessing 97 subjects the Pearson's correlation coefficient for the total score for the 14 items was 0.72. In all cases the information was initially obtained from the subject and then verified by asking a coresident family member. If the information provided by the patient and the family member was contradictory the information provided by the family member was considered more accurate.
Determination of the persistence of psychotic symptoms
Patients were classified into three groups based on the reported persistence of psychotic symptoms after the index admission. For the purpose of this study if any of the 14 PANSS items assessed were coded as 4 (moderate) or higher or if any two items were coded as 3 (mild) 'clinically significant' psychotic symptoms were considered present. Subjects who reported no reinitiation of illicit drug use in the six months following the index admission and whose retrospective report of symptoms indicated that no clinically significant psychotic symptoms were present 1 month after the index admission were classified as having psychotic symptoms for less than 1 month. Those who had clinically significant psychotic symptoms at 1 month after admission but not at 6 months after admission (without intervening reinitiation of illicit drug use) were classified as having psychotic symptoms for 1 to 6 months. And those who reported having clinically significant psychotic symptoms 6 months after admission (without intervening reinitiation of illicit drug use) were classified as having psychotic symptoms persisting for greater than 6 months. For individuals who had reinitiated illicit drug use in the 6 months after admission the classification was based on the timing of the first remission of the psychotic symptoms after the index admission (not on the status at 1 month and 6 months after admission): if the remission occurred within 1 month of admission the patient was classified as having psychotic symptoms for less than one month; if the remission occurred 1 to 6 months after admission they were classified as having psychotic symptoms for 1 to 6 months.
Statistical methods
Comparison of the characteristics of subjects who had a single drug of abuse at the time of admission to those who had multiple drugs of abuse and comparison of those who did and did not complete the followup assessment used chi-square tests and t-tests. The characteristics of the three groups of patients classified according to persistence of psychotic symptoms were compared using chi-square tests for categorical variables and F-tests for continuous variables. If significantly different, multiple comparison tests [8] were used to identify which of the three groups were significantly different. Two-tailed significance was set at α=0.05. SPSS 13.0 software was used for the analysis.
Results
Characteristics of psychiatric inpatients with psychotic symptoms induced by illicit drug use
The characteristics of the 258 identified subjects are shown in Table 1 . They were primarily young, unemployed males whose most common drug of abuse was methamphetamines and who had been abusing drugs for several years. Among these subjects, 77 (29.8%) had primarily used a single illicit drug prior to admission and 181 (70.2%) had used multiple illicit drugs. As shown in the table, compared to those who used a single drug, those who used multiple illicit drugs were older and had a longer duration of drug use, but there were no differences between the groups in the age of onset of drug use, in the main illicit drug used in the month prior to admission or in the severity of positive or negative psychotic symptoms at the time of admission.
Recidivism and rehospitalization rates in patients who were followed up
Of the 258 patients who met inclusion criteria, 189 (73.3%) were located and agreed to participate in the follow-up assessment. There were no significant differences between those who did and did not participate in the follow-up assessment by gender, age, age of onset of drug use, duration of drug use, or type of illicit drug use. However, the 69 subjects that were not followed up had a much shorter mean (sd) duration of education (5.5 [4.6] years) than that of the 189 who did participate in the follow-up (8.1 [4. 0] years; t-test=17.24, p<0.001).
As shown in Table 2 , there was a very high recidivism rate of 89% (168/189) over the follow-up period. In the month prior to follow-up 21 (11.1%) of the patients had taken illicit drugs; among them 13 (61.9%) had clinically significant psychotic symptoms at the time of follow-up. In the six months prior to follow-up 32 (16.9%) patients had used illicit drugs and 15 (46.9%) of them had significant symptoms at follow-up. During the followup period 15 of the 189 patients had one additional psychiatric hospitalization, 6 had two additional hospitalizations, and 4 had four or five additional hospitalizations.
Comparison of patients whose psychotic symptoms persisted for <1 month, 1-6 months and >6 months after stopping illicit drug use
Among the 189 patients who were followed up after hospital discharge, retrospective assessment of the duration of psychotic symptoms following the index admission found that in 114 patients (60.3%) the psychotic symptoms resolved in less than 1 month, in 56 (29.6%) the psychotic symptoms persisted for 1 to 6 months, and in 19 (10.1%) the psychotic symptoms persisted for longer than 6 months.
Comparison of the characteristics of the three groups of patients at the time of the index admission identified several significant differences (Table 2) . Patients with psychotic symptoms that persisted more than 6 months after stopping illicit drug use were more likely than patients in the other two groups to have a family history of mental illness, and to have an earlier age of onset and a longer duration of drug abuse prior to the index admission. Compared to patients with 1 to 6 months of psychotic symptoms following termination of illicit drug use, those with less than one month of psychotic symptoms were less likely to have a positive family history of mental illness, had a shorter duration of drug use and were less likely to use multiple drugs of abuse at the time of the index admission.
Comparison of the characteristics of the three groups of patients at the time of the follow-up also identified significant differences. Patients with psychotic symptoms that persisted more than 6 months after stopping illicit drug use were more likely than patients in the other two groups to have been rehospitalized during the follow-up period and to have psychotic symptoms at the time of follow-up. Compared to patients with 1 to 6 months of psychotic symptoms following termination of illicit drug use, those with less than one month of psychotic symptoms were less likely to be rehospitalized over the follow-up period and had fewer positive and negative symptoms at the time of follow-up.
After excluding the patients who had used illicit drugs in the six months prior to the follow-up, most of the 16 patients whose symptoms persisted for more than 6 months after stopping illicit drugs still had clinically significant psychotic symptoms at the time of follow-up (that is, long after stopping illicit drug use); in 8 of these patients (4.2% of all patients followed-up) the diagnosis had changed to schizophrenia. None of the patients in the other two groups who had not used illicit drugs in the prior six months had clinically significant psychotic symptoms at the time of follow-up, but about 10% of those whose psychotic symptoms had persisted less than one month after stopping illicit drugs and about 30% of patients whose psychotic symptoms had persisted for 1 to 6 months after stopping illicit drugs continued to have very mild psychotic symptoms at the time of follow-up.
Discussion
Main findings
To our knowledge this is the first follow-up study of patients with psychotic symptoms induced by illicit drug use in China. We found that most such individuals admitted to a psychiatric hospital are young males with a long history of drug abuse and that their most common drug of abuse is methamphetamine. In about 60% of cases psychotic symptoms resolved within one month of terminating illicit drug use, in about 30% of cases the psychotic symptoms persisted for 1 to 6 months after stopping illicit drug use and in about 10% of cases psychotic symptoms persisted for more than 6 months after stopping illicit drug use. Persistent psychotic symptoms were more common in those with a positive family history of mental illness, an earlier age of onset of illicit drug use and a longer history of illicit drug use. Almost 90% of the patients restarted illicit drug use at some point after treatment for their psychosis symptoms.
The relative role of predisposing factors and neurotoxic factors in the induction of chronic psychosis among individuals who use illicit drugs remains controversial. Earlier studies in the United States [9, 10] had suggested that most patients who converted to a chronic psychosis following illicit drug use had a predisposition to psychotic illness, but more recent studies from Japan [3, [11] [12] [13] and Thailand [4] -which have experienced an epidemic of methamphetamine abuse in recent decades -suggest that chronic methamphetamine abuse can induce chronic psychotic states independent of other predisposing factors. For example, the study by Kittirattanapaiboon and colleagues [4] followed 449 patients several years after a first admission for psychotic symptoms associated with methamphetamine abuse and found that over the follow-up period 39% required rehospitalization and 38% had their diagnosis changed to schizophrenia because Multiple comparison of categorical variables were made using a Tukey-type multiple comparison method based on an arcsin transformation of the original proportions. [8] Multiple comparisons for continuous variables use the Tukey test. b As retrospectively assessed using 7 items from the Positive and Negative Syndrome Scale (range in score: 7-49) c Any of the 14 items from the PANSS coded as 2 (very mild) or more d The number of cases used in this analysis are as follows: 157 cases in total, 95 cases <1 month, 46 cases 1-6 months, 16 cases > 6 months the psychotic symptoms persisted in the absence of continued drug abuse. Our study finds a much lower rehospitalization rate (13%) and a much lower rate of conversion to schizophrenia (4%). Moreover, we did not find that methamphetamine abuse is more likely to result in persistent psychosis than other types of illicit drugs. However, these differences across studies could be due to cross-national differences in the severity of drug abuse or due to differences in the algorithms used to apply the diagnosis of schizophrenia to individuals with a chronic history of illicit drug use.
A previous report by Liu and colleagues [14] found reported rates of rehospitalization and reinitiation of drug use during the follow-up period, but there were no significant differences in follow-up times between the three groups of subjects so this problem probably did not affect comparisons across the groups.
Other factors that could affect the interpretation of our results include the following. These patients were hospitalized for treatment of their psychiatric symptoms at one psychiatric hospital in China so it is not possible to say how representative they are of all illicit drug users with psychotic symptoms in China (many of whom go untreated or are treated in drug rehabilitation programs) or of all illicit drug users who are treated in Chinese psychiatric hospitals. We did not have a large enough sample to stratify the analysis by type of illicit drug or to conduct a multivariate analysis that could help to distinguish the relative contribution of genetic and neurotoxic factors. We assessed the duration of drug use but did not assess the severity of drug use (dose, method of administration, etc). Finally, no standardized diagnostic algorithm was applied to determine whether or not a patient's diagnoses should change to schizophrenia; this determination was based on the judgment of the treating clinician.
Significance
The proportion of patients with persistent psychotic symptoms following illicit drug use, though lower than reported in other countries, is nevertheless a serious public health problem in China. Some of these individuals progress to schizophrenia, a chronic condition that has very serious, lifelong effects on the individual, the family and the community. Further prospective studies are needed to determine the relative roles of the neurotoxic effects of illicit drugs and the predisposing characteristics of individuals who use illicit drugs, but it is most probable that both factors are important in the development of chronic psychosis in these individuals. The very high rates of recidivism in this sample suggest that the best option for reducing illicit drug-induced chronic psychoses is to develop, test and promulgate innovative approaches to prevent the onset and to decrease the duration of illicit drug use.
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The study was supported by a Scientific and Technology Program Grant of the Shenzhen Municipality (grant number: 201103226). that 5.4% of community members in mainland China had a positive family history for mental illness. This is comparable to the 7% rate of a positive family history of mental illness we found in subjects whose psychotic symptoms resolved within one month of stopping illicit drugs but is much lower than the 21% rate we found in those whose psychotic symptoms persisted for 6 months or longer after stopping the illicit drugs. A study by Chen and colleagues [15] reported that individuals who used methamphetamines were more likely to have psychotic symptoms and to have psychotic symptoms that persisted longer if there was a family history of schizophrenia. Taken together these findings support the hypothesis that chronic psychosis is a more likely outcome of illicit drug use in individuals with a genetic predisposition for psychosis.
Our results also support the neurotoxic hypothesis. Previous studies [16, 17] suggest that longer use of illicit drug is associated with greater damage to the structure and functioning of the central nervous system and, thus, more likely to result in chronic psychosis. Our finding that an earlier age of onset of illicit drug use (when the brain is more susceptible to damage) and longer use of illicit drugs were associated with persistent psychosis following termination of illicit drug use supports this hypothesis.
Limitations
The major limitation to the study is that several variables depended on retrospective reports of the patients and their family members. In most cases psychotic symptoms resolved prior to discharge from the index hospitalization, so determination of the persistence of psychotic symptoms after stopping illicit drug use was reasonably reliable; but in the minority of patients who continued to have psychotic symptoms at the time of the index discharge we had to depend on the retrospective reports of the patients and their family members. The information about restarting illicit drug use also depended on retrospective reports, but almost 90% of the subjects indicated that they had relapses of illicit drug use, so underreporting is not likely a serious problem.
Our classification of the persistence of psychotic symptoms depended on the persistence of symptoms at the time of the first psychiatric hospitalization. It is certainly possible that some patients had a rapid recovery of psychotic symptoms after the first episode but had a more delayed recovery of psychotic symptoms following subsequent episodes of illicit drug use. This possible misclassification of patients is more likely to have occurred in the 13% of subjects who had rehospitalizations following the index discharge.
The huge variability in the follow-up period (from 13 months to 108 months) could have skewed the 
